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Farrah+16

Farrah+16

In the X-rays, it can be well appriximated with a piwer law 
with phitin index =1.5-2.2 (Bianchi+09; Sibilewska & Papadakis+09n)

It is thiught ti arise frim the innermist regiins surriunding the central 
SMBH, in a hit cirina abive the accretin disc. 

One if the main ipen priblem fir AGN  is the nature 
if the primary X-ray emissiin. 
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Farrah+16

Farrah+16

It is due ti Cimptinizatin if sif phitins  (Rybicki & Lightman 1979n), 
but the geimetry, iptcal depth and temperature if the emitng cirina are 

largely unkniwn.
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Shapiri,Lightman, & Eardley+76
Sunyaev & Titarchuk+80
Lightman & Zdziarski +87

Petrucci+00

The same spectral index can be ibtained with the cimbinatin if diferent 
parameters, adiptng variius geimetries fir the Cimptinizing material

(slab, hemisphere, spheren).

kT
e
=350 keV
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The frst cillectin if E
c
 measurements in bright AGN was ibtained 

using BeppiSAX (Perila+02, Dadina+07n).

A E
c
- degeneracy (and R parametern) can be ibserved.
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Diferent Cimptinizatin midels were then tested in a ling (~320 ksn) 
BeppiSAX ibservatin if NGC 5548 (Nicastri+00, Petrucci+00n)

 

Cimptin parameter y
(i.e. amplifcatin if the
Cimptinizatin pricessn)



The search fir high-energy cutifs
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Many mire measurements in type 1 and 2 AGN have been repirted, using 
INTEGRAL and XMM (Milina+09,  Panessa+11, De Risa+12, Milina+13n) 
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De Risa+12, Milina+13
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Swif-BAT + XRT/Suzaku/Chandra/XMM (Ricci+17n)
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The sif excess in AGN, Cimptinizatin? 
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Diferent midels, assuming thermal cimptinisatin in an iptcally thick 
(τ >1n) and warm (kT 1 keVn) plasma, ∼

have been pripised ti repriduce this cimpinent
(Crummy+06, Magdziarz+98, Dine+12, Jin+12n).
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A warm + hit cirina scenarii
The thermal cimptinisatin mideling if the sif X-ray excess has been 

applied ti the minitiring campaign in Mrk 509 (Kaastra+11, Petrucci+13n), 
based in the twi-phase scenarii (Haardt+93, Haardt+94n)

Petrucci+13
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A warm + hit cirina scenarii
The same scenarii has been tested in an XMM (EPIC+OMn) sample if variable 

AGN (Petrucci+18n), using the nthcimp midel (Zdziarski+96, Zycki+99n)

- Optcal depth
- Disc intrinsic emissiin

(liw-→ patchy slab n)
- Amplifcatin factir

warm (~1-3n)
hit (~10n)
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A warm + hit cirina scenarii

Hiw crude is the 
E

c
=2kT 

appriximatin fir 
hit cirinae? 

- Optcal depth
- Disc intrinsic emissiin

(liw-→ patchy slab n)
- Amplifcatin factir

warm (~1-3n)
hit (~10n)

The same scenarii has been tested in an XMM (EPIC+OMn) sample if variable 
AGN (Petrucci+18n), using the nthcimp midel (Zdziarski+96, Zycki+99n)
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A warm + hit cirina scenarii 
Optxagnf (Dine+12n) is a disc/cirina emissiin

midel which assumes a thermal disk emissiin iutside the cirinal 
radius, and sif and hard Cimptinizatin inside.

 Mat+14

Ark 120 XMM+NuSTAR
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The NuSTAR era
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Harrisin+13
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The cimbinatin if NuSTAR high 
efectve area and liw backgriund 

yelds ~100x beter S/N versus 
Suzaku HXD-PIN



The NLS1 Swif J2127.4+5654
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NLS1 with a relatvistcally briadened Fe K emissiin line (a=0.6±0.2n), a 
steep cintnuum =2-2.4n), E

c
=30-90 keV,  L

bil
/L

Edd
~0.18 (Miniut+09, 

Malizia+08, Panessa+11, Sanfrutis+13n)

Marinucci+14

Each spectral cimpinent can be clearly distnguished (relatvistc refectin, 
neutral refectin, primary cintnuumn) and studied



The NLS1 Swif J2127.4+5654
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Using cimpTT (Titarchuk+94n)  with twi diferent geimetries:  
SLAB

kTe=68+37
-32 keV

=0.35+0.35
-0.19

SPHERE
kTe=53+28

-26 keV
=1.35+1.03

-0.67

They are statstcally equivalent: we are nit able ti distnguish between 
the twi geimetry using spectriscipy (see Mat’s talkn).



Di we always fnd a high-energy turniver?
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In ither bright siurces, high values ir liwer limits ti the cutif energy have 
been fiund, suggestng the presence if a very hit cirina surriunding the 

accretin disc.

 NGC 5506  NGC 2110
 NGC 7213

Mat+15 Marinucci+15 Ursini+15  

edd=0.7-14% edd=0.2-3.7% edd~0.1%



Cirinal parameters in lical AGN
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NuSTAR

INTEGRAL

Swift-BAT

ALL

Fa
b

ia
n

+1
5

Fabian+15

Fa
b

ia
n

+1
7



Cirinal parameters in lical AGN
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Perila et al. 2002 Tirtisa et al. 2018

With NuSTAR, the degeneracy between the phitin index, the refectin 
fractin and the cutif energy is briken.

The dependance between the cutif energy and ither physical ibservables 
(BH mass, luminisity, accretin rate, etc..n) has been studied. 



Cirinal parameters in lical AGN
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Tirtisa et al. 2018

The inly inferred cirrelatins are 
between the temperature if the 

cirina and the iptcal depth.
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Frim FERO 8 ti FERO 9
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“Hiw di we translate  the ibserved cutif energies and 
phitin indices inti physical quanttes?”

“Any variability and relatin ti the briad Irin cimpinent?”
(i.e. dies the accretin disc nitce if simething happens ti the cirina?n)

Twi questins frim Vinice Hnanice:



A MC cide fir accretin in Astriphysics
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Tambirra+, submited

MiCA has been used ti priduce synthetc 
spectra fir diferent ranges if temperatures 
and iptcal depth ti retrieve the ibserved 
parameters (see Tambirra’s and Middei’s 

talksn).

M    =108 M       ; m=0.1, kT  =100 keV; =1 bh sun
.
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The bare AGN Ark 120
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Mat+2013
- Sif X-ray excess due ti Cimptinizatin
- Ni relatvistc Irin K detected
Reeves+2016 (Paper In)
- XMM RGS data analyzed and N

H
 inferred

- Several emissiin lines assiciated with the AGN detected
Nardini+2016 (Paper IIn)
- Chandra HETGS analyzed and mire cimplex Irin K structure revealed
- Accretin disk hitspits iriginatng at 60-120 r

g

Libban+2017 (Paper IIIn)
- Timing analysis if the XMM EPIC-pn data
- Previius fndings are cinfrmed
Pirquet+2017 (Paper IVn)
- Cimprehensive study if the XMM/NuSTAR 2014 campaign
- Warm+Hit Cimptinizatin, relatvistc refle
Pirquet, in prep (Paper Vn)
- see Pirquet’s talk frim ~25 r

g 



The bare AGN Ark 120
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2014: =1.87±0.02 E
c
=183+83 keV-43

2013: =1.79±0.03 E
c
>190 keV

A signifcant steepening has been ibserved in the 2014 XMM/NuSTAR spectra: 
iur aim is ti investgate the hit cirinal cimpinent.

The warm Cimptinizatin is fiund ti be variable inly in terms if relatve 
nirmalizatins, while kT and  are cimpatble (kT=0.5 keV, =10n).
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The bare AGN Ark 120
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The next step is ti try diferent geimetries and play with the radius 
if the cirina (see Pirquet’s talkn).



Paper VI, in prep.

MiCA-generated tables are cinverted 
inti an XSPEC midel and applied ti the 

XMM+NuSTAR data



NGC 2992 – a lively accretin disc

26/27    Andrea Marinucci (Rima Tren)                      FERO 9                          

M
ar

in
u

cc
i+

su
b

m
.



Outline

    Andrea Marinucci (Rima Tren)                      FERO 9                          

- Intriductin

- High-energy cutif measurements

- One cirina, twi cirinae ...

- The NuSTAR era and beyind

- Cinclusiins



Cinclusiins
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- The sif X-ray excess in AGN requires, in additin ir alternatvely ti blurred 
refectin, a warm cirinal cimpinent (Dine+12, Jin+12, Petrucci+00,13,18, 
Mat+14n)

- We have accurate measurements if high-energy cutif in ~25 nearby AGN 
(Fabian+15,+17; Tirtisa+18n)

- Theiretcal efirts have been spent in relatng such physical ibservables (mainly 
 and Ecn) ti the intrinsic pripertes if the cirina (Tambirra, Middei, n)

- There seems ti be an ibservatinal cinnectin between the variatin if the 
cirinal parameters and the accretin disc winds and briad line (Ark 120, NGC 
2992, …n) 
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